The aim of this cross-sectional analytic study was to investigate the prevalence and risk factors for Opisthorchis viverrini (OV) infection in an urban area of Northeastern Thailand. The participants were 254 household representatives aged 15 years or older living in the most urbanised part of Chiang Yuen municipality in Mahasarakham Province. All participants provided stool samples which were examined using the modified Kato-Katz procedure, and a structured interview questionnaire was used to collection demographic information, knowledge about OV infection, and the consumption of unsafely prepared freshwater fish. The data were analyzed using descriptive statistics and logistic regression. The overall prevalence of OV infection was 15.0%, and in the multivariate analysis male gender was found to be significantly and positively associated with OV infection (OR adj =9.75, 95%CI: 34.03-23.58) while education to secondary school level or above was a significant protective factor (OR adj =0.30, 95%CI: 0.12-0.74). The eating of unsafely prepared fish and knowledge about OV were not significantly related to infection status. The findings were discussed in terms of issues for future research, especially the need to consider the possibility of higher rates of OV infection in urban areas than might be expected and to investigate the sources of infected fish products which may well be different from those in rural villages.
Introduction
Opisthorchis viverrini (OV) is a food-borne parasite which is transmitted to people when they eat raw, undercooked or inadequately fermented cyprinoid fish infected with metacercariae, an intermediate form of the parasite (Saengsawang et al., 2012) . While OV infection is not itself a serious health problem, it is major risk factor for the eventual development of cholangiocarcinoma, a malignancy of the bile ducts which is almost always fatal (Sripa et al, 2007; Shin et al., 2010; Songserm et al., 2012a; Sithithaworn et al., 2014) .
Thailand has highest the prevalence of OV infection in the world, and the infection is particularly endemic in Northeastern Thailand where the rates of infection remained largely unchanged over the 10 year period preceding the last nationwide survey in 2009 when the reported prevalence in the region was 15.7%. Rates varied from one northern province to another (4.6-60.8%) and the rate for Mahasarakham Province, the location of the present study, was 11.6% .
The aim of this study was to investigate the prevalence and risk factors for OV infection in an urban area of Northeastern Thailand. Studies of this kind have tended 1 , Supannee Promthet 1 *, Peter Bradshaw 1 to be conducted in rural villages rather than in urban environments because rural residents are assumed to be at higher risk of infection (Songserm et al 2012b) . While there is some evidence that this may be the case (Kurathong et al., 1987; Wattanayingcharoenchai et al., 2011) , further studies of OV infection in urban areas are needed. The findings of the present study were expected to be useful for planning OV infection control in the urban area chosen for this study.
Materials and Methods
This was a cross-sectional analytic study, which was conducted in the subdistrict municipality of Chiang Yuen in Mahasarakham Province, Northeastern Thailand, during the period January-April, 2014. The municipality has a population of 13,758 and includes 19 villages. Five villages in the centre of the municipality were chosen as the study area (total population 15 yrs and older: 4,912) because they represented the most urbanised part of the subdistrict.
Subjects
The sampling frame was the list of all registered households in the five villages (n=1,707), and 254 households were randomly selected by the proportionate stratified sampling of households in each village. A required sample size of 254 was estimated using formulae for proportion estimation (Lwanga and Lemeshow, 1991) and multiple logistic regression (Hsieh et al., 1998) . The households were visited by a research assistant during the early morning or late afternoon to increase the inclusion of subjects who were at work for most of the day. One eligible member of each household was invited to participate in the study, provide his/her signed consent, and supply a stool sample. The eligibility criteria were: at least 15 years of age, residency in the subdistrict for the past 12 months, and ability to understand and respond to the study requirements. Where there was more one eligible subject available, the person was randomly chosen at the time of the visit. If no eligible subject was available, a neighbouring household was selected. All those invited to participate were willing to do so, but 12 failed to provide a stool sample and were replaced by a subject from the neighbouring household.
Data collection
All stool samples were analysed within 24 hours of collection for the presence of OV eggs using the modified Kato-Katz technique, and participants were interviewed by a research assistant using a structured questionnaire to obtain demographic information, assess knowledge about OV infection, and record the reported consumption 'yes' or 'no' of unsafely prepared fish in the past 12 months. DOI:http://dx.doi.org/10.7314/APJCP.2015.16.10 
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Knowledge was assessed by responses to 18 five-level Likert-type statements with correct strong agreement scored as five points (maximum total knowledge score=90). Half of the statements were negatively keyed so that disagreement was correct, and these items were reverse-scored. The areas of knowledge covered by these statements were the risks of OV infection (for example, "After treatment, people can be re-infected with liver flukes"), severity of the infection (for example, "Liver fluke infection can cause bile duct cancer") and the benefits of protection against infection (for example, "The best method of prevention is to stop eating raw fish"). Unsafely prepared fish was defined as one of five types of dishes containing raw freshwater fish and one containing freshwater fish which was likely to have been inadequately fermented. All participants found to be infected by OV were provided with a treatment dose of praziquantel.
Statistical analysis and ethical approval
Descriptive statistics were used to summarise the data. Higher and lower knowledge about OV infection was defined in terms of individual total knowledge scores being ≥ or < the mean score for all participants, respectively. The associations between OV infection status and potential risk factors were analysed using unconditional logistic regression. Variables significant at the p<0.25 level in a univariate analysis were included in a multivariate analysis with backward elimination. Additional candidate variables were factors which were non-significant in the univariate analysis, but which have been reported as strong risk factors for OV infection in previous studies. Statistical analyses were performed using Stata version 10.0 (StataCorp LP, 2007) . Statistical significance in the final model was set at p≤0.05.
The research was approved by the Khon Kaen University Ethics Committee for Human Research (reference no. HE562264).
Results
The characteristics of the participating subjects are summarised in Table 1 . Most (59.1%) were female, and their mean age was 48.6 (SD:13.7) years. A large majority (65.8%) had not received any formal education beyond primary school, and participants were most commonly employed in agriculture (28.7%) or in some kind of general labouring activity (28.4%). For those earning an income, this was less than 5,000 baht in almost a third (32.7%) of the respondents.
In the multivariate analysis, male gender was found to be significantly and positively associated with infection (OR adj =9.75, , and education to secondary school level or above was a significant protective factor (OR adj =0.30, 95%CI: 0.12-0.74). The eating of unsafely prepared fish was a non-significant risk factor, and knowledge was unrelated to infection status
Discussion
The estimated prevalence of OV infection in an urban area of Mahasarakham was found to be no less than the latest reported prevalence for the province as whole. This was so even though the study area is well north of the many wetlands of Chi River basin which runs across the middle of the province.
The finding that male gender was significant risk factor for OV infection is consistent with results of another recent study in Northeastern Thailand (Thaewnongiew et al., 2014) and is supported by an earlier study (Sriamporn et al., 2004) . While other surveys in Thailand have failed to show any statistically significant association between gender and infection (Rangsin et al., 2009; Kaewpitoon et al., 2012a; Kaewpitoon et al., 2012b; Saengsawang et al., 2012) , all gender differences have indicated a higher prevalence in males. It is also notable that in present study the strength of the association with male gender was high: the odds of males being infected were almost 10 times higher than those for females. It is difficult to identify any particular reason for the inconsistency about the role of gender as a risk factor for OV infection, but the studies have used different sampling procedures and have focused on different target populations. Certainly, there appears to be a general belief that there is a predominantly male culture of eating raw and unsafely prepared freshwater fish (Grundy-Warr et al., 2012) . This is an issue which requires further study to maximize the effectiveness of infection control campaigns.
The lack of association between knowledge about OV and infection status appears puzzling and needs to be examined further, especially because control programmes tend to rely heavily on educating the public about OV infection. There may be some similarities with smoking. Even though many smokers are aware that their habit is a serious health risk, they continue to smoke. One explanation for this is they rationalise the apparent inconsistencies between their knowledge and their behaviour by the adoption of functional beliefs (for example, "I enjoy smoking too much to give it up") and risk-minimising beliefs (for example, "Smoking is no more risky than lots of other things people do") (Fotuhi et al., 2013) . By substituting 'eating raw freshwater fish' for 'smoking, it is not hard to see how knowledge can seem to become detached from behaviour, especially when that behaviour is strongly embedded in a social culture which probably frequently endorses such rationalizations. Whether or and to what extent this may be occurring is a matter for future research.
The inverse relationship between educational background and OV infection is consistent with one of the findings of Kaewpittoon et al. (2012a) . In the present study the negative correlation does not seem to rely on better knowledge, and some alternative explanation may be necessary. One speculation is that the more highly educated people tend to be more socially mobile and are more likely to have moved away from their families of origin where there is still a strong cultural pressure to consume traditional dishes containing unsafely prepared fish. Again, this is an issue which can only be resolved in future studies.
The failure to demonstrate any positive association between infection status and the consumption of unsafely prepared fish, especially chopped raw fish in a spicey salad dressing (koi pla), is at variance with many other studies (for example, Rangsin et al., 2009; Suwannahitatorn et al., 2013; Thaewnongiew et al., 2014) . This is particularly unexpected because the specific fish dishes explored were mainly those containing raw freshwater fish. There is a very possible methodological limitation which could explain this result: participants were asked to report on the consumption of fish dishes over the past 12 months. Accurate recall over such a long period of time for food consumed many times every day is most unlikely to be accurate. A further possible explanation is that the participants were not necessarily aware of the exact contents of the dishes and sauces which they were consuming. The authors suggest that there is increasing tendency for people, especially those living in urban areas, to buy foods and sauces from markets and roadside stalls without knowing the exact ingredients of their purchases. This is another topic for further investigation.
The findings of the present study indicate the need to consider the possibility of OV infection rates being higher than expected in urban areas and to investigate sources of infected fish products which may well be different from those in rural villages.
